Coordination compounds of transition metals with norfloxacin (Nor) have potential to improve its effectiveness, as already discussed for some compounds found in the literature. The complexes in the solid state were prepared by precipitation of the respective metal cation (M = Mn(II), Co(II), Ni(II), Cu(II) and Zn(II)) with a norfloxacin sodium salt solution. The thermal behavior under oxidative and pyrolysis conditions was investigated employing thermogravimetry and differential thermal analysis (TG/DTG-DTA) and evolved gas analysis (EGA/TG-FTIR), and the complexes were characterized by elemental analysis (EA), EDTA complexometric titration, infrared spectroscopy (FTIR) and X-ray powder diffraction (XRD). By these results, the minimum formula was established as [M(Nor) 2 (H 2 O) 2 ]ÁnH 2 O, where n = 3 (Ni), 2.5 (Mn Co, Zn), or 2 (Cu). The evolved gases identified during thermal decomposition of Ni and Cu complexes were ethylene, CO 2 and CO for Ni; CO 2 and ethane for Cu. Also, antimicrobial activity of the complexes was evaluated by in vitro susceptibility test using the agar diffusion method, and the results were compared with the uncomplexed molecule. It was found that norfloxacin complexation modifies its antibacterial activity. The activity depends on the type of metal ion and microorganism; Mn(II), Co(II) and Zn(II) complexes significantly increased activity against the tested gram-negative bacteria.
Introduction
Quinolones is a term commonly used to designate quinolone carboxylic acids, which are a group of synthetic antibacterial agents containing an 1-ethyl-6-fluoro-1,4-The original version of this article was revised: The fifth author's given name was misspelled as ''Gabriel''. The author name is corrected in the article.
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s10973-018-7019-z) contains supplementary material, which is available to authorized users. 1 Instituto de Química, Universidade Estadual Paulista (UNESP), Araraquara, SP, Brazil 2 Faculdade de Ciências, Universidade Estadual Paulista (UNESP), Bauru, SP, Brazil dihydro-4-oxo-7-(1-piperazinyl)-3-quinolinecarboxylic acid [1] . Norfloxacin is a molecule pertaining to this group, most specifically to the group of fluoroquinolones. It is a wide-ranging drug used to treat bacterial infections of the urinary and respiratory tracts and the skin, among others. Figure 1 shows the structural formula of 1-ethyl-6-fluoro-4-oxo-7-piperazin-1-ylquinoline-3-carboxylic acid also known as norfloxacin, one of the quinolones antibiotics that is most used in clinical treatments.
In general, norfloxacin has activity against a wide variety of aerobic Gram-negative and Gram-positive bacterial strains, but its activity against aminoglycoside-resistant Pseudomonas aeruginosa and b-lactamaseproducing organisms have been highlighted [2] .The action of norfloxacin in these microorganisms involves inhibition of bacterial DNA gyrase that is essential for DNA replication [3] . DNA gyrase is an important enzyme present in bacterial chromosome replication, the reaction against gram-negative and gram-positive bacteria by norfloxacin results in the formation of a ternary complex between norfloxacin, the enzyme and bound DNA segment. A moiety of carbonyl and carboxyl from norfloxacin bind with DNA, causing the break of DNA-gyrase complex. This mechanism is responsible for the antibacterial activity of this fluoroquinolone as reported in the literature [4] . Fluorine (F) and the piperazine group give an extra stabilization to the ternary complex norfloxacin-enzyme-DNA because it interacts with the enzyme; this stabilization is responsible for the effectiveness potential antibacterial action. However, this compound presents poor aqueous solubility that causes a low oral bioavailability, generating a poor metabolization of norfloxacin [5, 6] . Garnayak and Patel [4] have reported that less than 10% of the drug containing norfloxacin as active principle is metabolized, part of the drug excreted by renal excretion and a fraction of the drug remained unaltered by the metabolism.
A literature survey reveals several works involving complexes of Cu(II), Co(II), Ni(II), Zn(II), Mn(II) and Ru(III) with norfloxacin that have shown increased biological activity when compared to the uncomplexed norfloxacin [7] [8] [9] [10] [11] [12] [13] [14] .
Various drugs molecules can present modified pharmacological and toxicological properties when complexed with metal ions. The Cu 2? cation for example is one of the most widely employed in the studies of biological activity from complexed drugs since these complexes have been showing action against a wide variety of diseases such as gastric ulcers and tumors and also can present bactericidal and fungicidal action [15] . Norfloxacin is the most studied quinolone in the literature with several complexes reported. These studies deal mainly with the synthesis and crystal structure determination and show that quinolone compounds have capability to form polynuclear complexes. The capability of norfloxacin to coordinate with metal ions is due to the presence of the carbonyl oxygen and carboxylic acid groups in the molecule [10] .
Since norfloxacin and its metal complexes have been of great interest in scientific research and, consequently, have a great potential for several applications, the main objective of this work was to investigate the thermal behavior of these compounds under oxidative and pyrolysis conditions. In this way, the complexes were synthesized and characterized by chemical analysis (EDTA complexometric titration), thermoanalytical (TG/DTG-DTA and DSC) and spectroscopic techniques (FTIR and XRD). In addition, the antibacterial activity of the complexes against various types of microorganisms was evaluated by in vitro susceptibility testing by the agar disk diffusion method. The solid-state compounds were obtained by adding slowly with continuous stirring 50.0 mL of the respective metal ions solutions to 100.0 mL of norfloxacin sodium salt solution, heated up to near ebullition. The system was cooled down to ambient temperature, and the precipitate was filtered off, washed with distilled water until chloride or sulfate ions were eliminated (qualitative test with AgNO 3 /HNO 3 solution for chloride ions or BaCl 2 solution for sulfate ones), dried at 50°C in forced circulation air oven during 12 h and kept in a desiccator over anhydrous calcium chloride. All attempts to synthesize the iron(II) complex were unsuccessful.
Experimental

Characterization
The carbon, hydrogen and nitrogen contents were determined by microanalytical procedures using a CHNS/O Elemental Analyzer from PerkinElmer (model 2400 Series II CHNS/O) and also by calculations based on the mass losses of the TG curves.
In the solid-state metal ions, hydration water and ligand contents were determined from TG curves. The metal ions were also determined by complexometry with standard EDTA solution after igniting the compounds to the respective oxides and their dissolution in hydrochloric acid solution.
The X-ray powder patterns were obtained by using a Siemens D-500 X-ray diffractometer, employing CuKa radiation (k = 1.5456 Å ) and setting of 40 kV and 20 mA. The interplanar distances were obtained using the Bragg's law.
The attenuate total reflectance infrared spectra for all samples were measured in a Nicolet's iS10 FTIR spectrophotometer, using an ATR accessory with Ge window.
Simultaneous TG-DTA and DSC curves were obtained with two thermal analysis system, model SDT 2960 and DSC Q10, respectively, both from TA Instruments. The furnace was purged with air or nitrogen, at a flow rate of 100 mL min -1 for TG-DTA and 50 mL min -1 for DSC experiments. A heating rate of 10°C min -1 was adopted, with samples weighing about 7 mg for TG-DTA and 3 mg for DSC experiments. Alumina and aluminum crucibles, the latter with perforated lids, were used for recording the TG-DTA and DSC curves, respectively.
The evolved gas analysis (EGA/TG-DSC-FTIR) was performed by coupling a Mettler Toledo's TG/DSC1 simultaneous TG-DSC to the Nicolet's infrared spectrophotometer. The furnace outlet was coupled to the spectrophotometer through a heated transfer line (225°C) to a heated gas cell (250°C). The spectra were collected at 16 scans per spectrum, 4 cm -1 resolution. 
Results and discussion
Norfloxacin (HNor)
The simultaneous TG-DTA and DSC curves of norfloxacin are shown in Fig. 2a, b .
These curves show total mass loss in four consecutive and/or overlapping steps between 60 and 720°C and thermal events corresponding to these losses. The first mass loss between 65 and 105°C, corresponding to an indicium of endothermic event around 95°C, is attributed to the dehydration with loss of 0.35 H 2 O (adsorbed water).
The anhydrous compound is stable up to 260°C, and above this temperature, the mass loss occurs in three steps, between 260 and 355°C, 355 and 455°C and 455 and 660°C, with loss of about 26.3, 15.7 and 58.1%, respectively, corresponding to an endothermic peak at 450°C (second step) attributed to the thermal decomposition and exothermic peaks at 320, 345 and 570°C (first and last steps) attributed to oxidation of the organic matter and/or the gaseous products evolved during the thermal decomposition.
The sharp endothermic peak at 221°C, without mass loss in the TG curve, is attributed to the melting of the compound.
Norfloxacin complexes
Analytical results
The analytical and thermoanalytical (TG) data are shown in Table 1 .
These results are in excellent agreement, which shows that the complexes were synthesized with high purity, and so it was possible to establish the stoichiometry (minimum formula) for these compounds, which are in agreement with the general formula [M(Nor) 2 (H 2 O) 2 ]ÁnH 2 O where M = Mn, Co, Ni, Cu or Zn; Nor is norfloxacin anion and n = 3 (Ni), 2.5 (Mn Co, Zn) or 2 (Cu). Even though just in Mn and Cu TG/DTG-DTA curves it was possible to identify two mass loss steps corresponding to dehydration process, this minimal formula was proposed based on the characteristic hexacoordinated nature of transition metals, and other studies found in the literature [16] [17] [18] . Table 1 also shows the elemental composition of the complexes determined by EA, supported by the calculations from the minimal formula determined by TG.
TG/DTG-DTA
The simultaneous TG/DTG-DTA of the compounds in dry air and nitrogen atmospheres are shown in Fig. 3 .
The TG curves show that mass loss occurs in three, four or five consecutive and overlapping steps, depending on the nature of the metal ions and the atmosphere used, corresponding to endothermic events in the DTA curve attributed to dehydration, thermal decomposition and reduction reactions and exothermic events attributed to oxidation of the organic matter and/or of the gaseous products released during the thermal decomposition. These curves also show that the thermal stability of the anhydrous compounds as shown by TG/DTG-DTA curves depends on the nature of the metal ion, and they follow the order:
The mass losses (Dm), temperature ranges (h) and peak temperatures (Tp) observed for each step of the TG/DTG-DTA curves are given in Table 2 . As final residues, all compounds presented its respective bivalent oxide in air atmosphere. In nitrogen atmospheres, the final residues were obtained as a mixture of carbonaceous residue and the bivalent metal oxide, a behavior already described for similar compounds under the same conditions of thermal analysis [19] .
As the thermal behavior of the compound is dependent on the nature of the metal ions and the atmosphere used, the features of each of these compounds are discussed individually.
Manganese compound The simultaneous TG/DTG-DTA curves in air and nitrogen atmospheres are shown in Fig. 3a and 3a*, respectively. The first mass loss between 50 and 115°C, corresponding to an endothermic peak at 107°C (air) or 105°C (N 2 ), is attributed to dehydration with loss of 4.5 H 2 O (Calcd. = 10.49%, TG (air) = 10.61%, TG (N 2 ) = 11.09%). DTG curves show that dehydration occurs through a single and fast process with maximum N 2 ) , suggesting that all the water molecules present in the compound are bound in a similar way in the solid state although other studies report two coordinated water molecules [17, 18] . The absence of two dehydration steps could be related to sample granulometry and preparation. TG/DTG-DTA curves also show that the anhydrous compound is thermally stable up to 275°C (air) and 284°C (N 2 ), showing that as expected, in oxidative atmosphere (air) the compound is less stable than in inert (N 2 ) atmosphere.
In air atmosphere, the thermal decomposition occurs in three consecutive steps associated with an exothermic peak, attributed to oxidation of organic matter and/or of the gaseous products evolved during the thermal decomposition. The TG/DTG curve shows that the first and last steps are fast processes, while the second step is slower. Probably the last step is related to combustion of the carbonized material. The total mass loss up to 515°C is in agreement with the formation of Mn 3 O 4 as final residue (Calcd. = 90.13%, TG = 90.40%), and in agreement with the literature [20] .
In nitrogen atmosphere, the anhydrous compound undergoes thermal decomposition in two consecutive and overlapping steps, corresponding to endothermic events in the DTA curve. The DTG curves reveal that the thermal decomposition of the compound occurs through a very complex process, since several overlapping peaks are observed. As in air atmosphere, the total mass loss up to 633°C is in agreement with the formation of Mn 3 O 4 (Calcd. = 90.13%, TG = 89.78%), which was confirmed by XRD.
Cobalt compound
The simultaneous TG/DTG-DTA curves in air and N 2 atmospheres are shown in Fig. 3b , b*, respectively. The first mass loss, corresponding to an endothermic peak at 114°C (air) or 106°C (N 2 ), is attributed to dehydration with loss of 4.5 H 2 O (Calcd. = 10.44%, TG (air) = 10.65%, TG (N 2 ) = 9.21%).
The anhydrous compound is stable up to 280°C (air) or 284°C (N 2 ), showing little influence of the atmosphere on thermal stability. On the other hand, the thermal decomposition steps of the anhydrous compound are strongly influenced by the atmosphere used.
In air atmosphere, the TG/DTG curve show that the thermal decomposition occurs in two steps, corresponding to two exothermic events in the DTA curve, attributed to the oxidation of the organic matter and/or the released gaseous products. The DTG curve shows three peaks, the first two related to slower processes, attributed to the beginning of the thermal decomposition of the compound and the last one due to a fast process, associated with a sharp exothermic peak in DTA curve, attributed to the combustion of the carbonized material. The total mass loss up to 515°C is in agreement with the formation of Co 3 O 4 , as final residue (Calcd. = 89.67%, TG = 89.42%), which was confirmed by XRD. The last mass loss (0.63%) between 910 and 930°C, corresponding to a small endothermic peak at 920°C, is attributed to reduction reaction of Co 3 O 4 to CoO (Calcd. = 90.35%, TG = 90.05%), and in agreement with the literature [21] .
In nitrogen atmosphere, the TG/DTG curves of the anhydrous compound show at least five steps of mass loss, the first three attributed to the thermal decomposition of the compound, associated with small endothermic events in the DTA curve, and the last two, corresponding to a small exothermic event in the DTA curve, attributed to the pyrolysis of the carbonized material. The residue is a mixture of carbon and CoO, as already observed for similar compounds in another study [19] .
Nickel compound The simultaneous TG/DTG-DTA curves in air and N 2 atmospheres are shown in Fig. 3c , c*, respectively. The first mass loss between 30 and 150°C, without thermal event in the DTA curves, is attributed to dehydration with loss of 5 H 2 O (Calcd. = 11.47%, TG (air) = 11.15%, TG (N 2 ) = 11.05%).
In air atmosphere, the TG/DTG-DTA curves show that the anhydrous compound is stable up to 275°C and above this temperature the thermal decomposition also occurs in at least three steps, corresponding to exothermic peaks at 358, 401 and 410°C in the DTA curve. The first step is attributed to oxidation of the organic ligand and/or of the gaseous products evolved during the thermal decomposition, and the second is attributed to the oxidation of the carbonized material formed in the previous step. The discontinuity observed in the TG curve between 350 and 450°C, undoubtedly, is due to oxidation of the organic matter that occurs with combustion. The total mass loss up to 450°C is in agreement with the formation of NiO, as final residue (Calcd. = 90.49%, TG = 91.09%), which was confirmed by XRD.
In nitrogen atmosphere, a different thermal behavior is observed. The curves show that the thermal stability of anhydrous compound is increased up to 315°C, when compared to air atmosphere. Above this temperature, the thermal decomposition occurs in at least two consecutive and/or overlapping steps, being the first associated with an endothermic event in DTA curve, which was attributed to thermal decomposition of the organic matter from the ligand. The second step was attributed to partial pyrolysis of the carbonized material formed in the previous step.
Copper compound The simultaneous TG/DTG-DTA curves in air and nitrogen atmosphere are shown in Fig. 3d , d*, respectively. The first mass loss between 35 and 130°C, corresponding to an endothermic peak at 86°C (air) or 81°C (N 2 ) in the DTA curves, is attributed to dehydration with loss of 4 H 2 O (Calcd. = 9.33%, TG (air) = 9.47%, TG (N 2 ) = 9.07%). In addition, these curves show that dehydration occurs in two overlapping steps, suggesting that the water molecules may be interacting in different ways in the crystalline structure of the compound. This agrees with previous studies, where two types of water molecules are present in this compound [16] , suggesting that two H 2 O are directly coordinated to the metal center with coordination number 6, and the other two weakly interacting with the compound.
The anhydrous compound is stable up to 225°C (air) and 215°C (N 2 ), and this discrepancy can be attributed to the higher thermal conductivity of the nitrogen gas and/or the presence of CO 2 in the air atmosphere, and above this temperature, the thermal decomposition occurs in at least three consecutive and overlapping steps, for both atmospheres.
In air atmosphere, the steps of mass loss in the TG curve, corresponding to three exothermic peaks in the DTA curve, are attributed to oxidation of the organic matter and/ or of the gaseous products evolved during the thermal decomposition. The total mass loss up to 530°C is in agreement with the formation of CuO, as final residue (Calcd. = 89.70%, TG = 90.32%), which was confirmed by XRD.
Under nitrogen atmosphere, once dehydrated, the compound undergoes thermal decomposition, which occurs in three consecutive and overlapping steps. The first and small step of mass loss observed in the TG curve, and associated to an endothermic event in the DTA curve, is attributed to the beginning of the thermal decomposition of the compound. The second mass loss step does not produce a thermal event in the DTA curve and is attributed to pyrolysis of the remaining compound. Finally, the last and slow step of mass loss is attributed to the pyrolysis of the carbonized matter formed in the previous stages.
Zinc compound The simultaneous TG/DTG-DTA curves in air and nitrogen atmospheres are shown in Fig. 3e , e*, respectively. The first mass loss between 35 and 140°C, corresponding to endothermic peak at 120°C (air) and 108°C (N 2 ), is attributed to dehydration with loss of 4.5 H 2 O (Calcd. = 10.35%, TG (air) = 10.50%, TG (N 2 ) = 11.06%).
In both atmospheres, the anhydrous compound is stable up to 265°C and above this temperature the thermal decomposition occurs in three consecutive steps. In air atmosphere, the exothermic peaks in the DTA curve are attributed to oxidation of the organic matter and/or of the gaseous products evolved during the thermal decomposition. Under nitrogen atmosphere, the endothermic peak is attributed to thermal decomposition of the compound.
The total mass loss in both atmospheres is in agreement with the formation of ZnO as final residue (Calcd. = 89.61%, TG (air) = 89.69%, TG (N 2 ) = 90.87%) which was confirmed by XRD.
Evolved gas analysis (EGA)
The main gases evolved during thermal decomposition of the complexes in N 2 atmosphere were identified. The [Ni(Nor) 2 For Ni compound, the spectrum collected at 32 min of analysis indicates the formation of CO 2 and ethylene gases, as can be seen in Fig. 4 by the comparison with reference spectra for these gases [22] . The formation of these gaseous species is associated with the second mass loss step observed in the TG curve. Also, CO is evolved at 52 and 60 min of analysis and is related with the third and fourth mass loss steps. At higher temperatures (* 97 min), CO and CO 2 gases are evolved, which indicates the partial oxidation of remaining carbonaceous residue.
For Cu compound, the evolved gases identified were CO 2 at 20 min, and ethane from 36 to 42 min of analysis. The formation of these gaseous products is associated with the second (CO 2 ), third and fourth (ethane) mass losses observed in the TG curve, respectively. As in the case of Ni compound, the release of CO 2 is continuous until the end of the analysis, indicating the slow oxidation of carbonaceous residue. In both compounds, during analysis it was not possible to differentiate atmospheric water vapor from that due to the first mass loss, since a very low amount is released.
XRD
All diffractograms are shown in Fig. 4 . The peak positions and interplanar distances obtained from HNor diffractogram (Fig. 4a ) are in agreement with the Ref [23] , and it is also noted that the crystallinity increased in metal complexes, following the order Cu \ Mn \ Ni \ Co \ Zn.
The diffractograms of metal complexes with Co ( Fig. 5c) , Ni ( Fig. 5d) and Zn (Fig. 5f ), showed very similar peaks position, including the 100% peak and consequently values of interplanar distances: 2h 9.828 (d = 9.0066 Å ); 9.948 (d = 8.9022 Å ) and 9.768 (d = 9.0588 Å ), suggesting that these three metal complexes may have crystallized in the same structure. However, a deeper crystallographic study is necessary in order to obtain information about the crystalline structure.
The Mn (Fig. 5b) and Zn (Fig. 5e , f) diffractograms showed less crystallinity, so it is difficult to compare the peaks intensity between the diffractograms. Table S1 (supplementary material) summarizes the peaks positions, relative intensity and interplanar distances calculated for all compounds in order to facilitate the comparison between them.
FTIR
The infrared vibrational spectra of HNor, NaNor and metallic complexes are presented in Fig. 6 , and the attributions for each band are summarized in Table 3 The broad, medium-intensity bands around 3400 cm
are attributed to the O-H bond stretching (mO-H) of water molecules present in the compounds. Another interesting aspect that can be seen in these spectra is the absence of broad bands in the region of 2500 cm -1 [24] , characteristic of the quaternized nitrogen of the piperazinyl group vibration, which means that the zwitterionic form of HNor is not involved in the coordination with the investigated metallic cations. So, only the anionic form of the ligand is present in the solid state, differently from the previously observed for other norfloxacin complexes [11, [25] [26] [27] . As can be seen, the band in 1729 cm -1 in the spectrum of HNor, which is attributed to the carbonyl stretching (mC=O) of the carboxylic group, is not present in the spectra of the complexes, confirming the total deprotonation and the absence of acid contamination in the sodium salt and in the complexes, in agreement with the thermoanalytical data. After complexation reaction, two new bands appear in the spectra of the complexes. The first is a strong intensity band around 1630 cm -1 , and the second a medium-intensity band around 1390 cm -1 , that are attributed to the asymmetric (m asym COO -) and symmetric (m sym COO -) stretching vibrations for the carboxylate group, respectively. These bands are useful in determining the coordination mode of the carboxylate group to the metal centers, based on a comparative study performed by Deacon and Phillips [28] . This strategy is based on the comparison of the separation of this two bands (Dm) observed for the complexes with the value observed for the ionic ligand (its sodium salt). As can be seen in Table 3 , the values of Dm observed for the complexes are greater than the observed for the sodium salt, suggesting that the carboxylate coordinates in the monodentate mode. The strong band in the HNor spectrum with a peak at 1617 cm -1 is attributed to stretching vibration of carbonyl (mC=O) from ketonic group. This band is shifted to lower frequencies in the spectra of the complexes, suggesting that this group also participates in coordination. In this way, the spectroscopic results suggest that the ligand coordinates to the metal centers by one oxygen atom from the carboxylate and one from carbonyl of ketone group, resulting in a sixmembered ring chelate, in agreement with several works found in the literature [9, 13, 17, 29] .
Antimicrobial activity
Testing for antibacterial activity against the microorganisms of prepared complexes and norfloxacin drug showed the presence of inhibition zones of bacterial growth around the impregnated paper disks in the vast majority of the plates. The results were submitted to analysis of variance (ANOVA) by applying the Scott-Knott test, with level of significance of 0.05. The mean inhibition zones for each compound, and the interactions between their antibacterial activities are shown in Table 4 .
By analyzing the data in Table 4 , it is possible to suggest that:
1. The complexation did not significantly modify the activity of norfloxacin against the tested gram-positive bacteria (except complexation with copper, which caused loss of activity against L. monocytogenes); and Zn(II) significantly increased activity against the tested gram-negative bacteria; 3. The complexation of norfloxacin with Cu(II) increases activity against E. coli, but did not change activity against P. aeruginosa. This result is in disagreement with Ref [16] , because the author observed an opposite result (absence of effect against E. coli and increased activity against P. aeruginosa). This difference may be due to the fact that antibacterial tests did not follow the same methodology or use of different strains of microorganisms. 4. The complexation did not make norfloxacin active against the tested yeast (C. albicans).
The modification of the antibacterial activity of quinolones caused by complexation with metal ions had already been observed in other studies [2, 7, 27, 30] . The change of the activity behaves erratically, depending on the metal ion present and the type of microorganism subjected to the tests. An increase in activity is generally attributed to a greater lipophilicity of quinolone complex [2, 30] , which facilitates the penetration of the antibacterial in the cytoplasm of the microorganism, increasing its efficiency.
Conclusions
Analytical and thermoanalytical results show that the compounds were synthesized with good purity, and it was thus possible to determine a general minimum formula as [M(Nor) 2 With the thermally analytical results obtained under oxidizing (air) and pyrolysis conditions (N 2 ), it was possible to perform a detailed study of the thermal behavior of these complexes and to compare the effect of the atmosphere on the thermal stability and the thermal decomposition profile. In general, the results showed a great influence of the atmosphere used in the processes of thermal decomposition, slight influence on the thermal stability of the copper, manganese and nickel complexes and a negligible influence for the cobalt and zinc complexes. The gases evolved during thermal decomposition of Ni and Cu complexes in N 2 atmosphere were identified by FTIR. The Ni complex produces CO 2 and ethylene in the second step, and CO in the third and fourth steps. The Cu compound produces CO 2 in the second step, and ethane in the third step of mass loss. In both cases, up to higher temperatures CO 2 is continuously evolved, indicating the slow oxidation of carbonized residues in the samples.
The data obtained from diffractograms showed that the complexes with norfloxacin were more crystalline than the norfloxacin in its acid form, following the sequence: HNor \ Cu \ Mn \ Ni \ Co \ Zn
The FTIR results suggest that the ligand coordinates to the metal centers by one oxygen atom of the carboxylic group and the oxygen atom from the carbonyl group, forming a six-membered chelate ring.
From the results of antimicrobial activity tests, it was observed that the complexation of norfloxacin modifies the antibacterial activity. The change in activity is erratic and depends on the type of metal ion. The complexes of norfloxacin with Mn(II), Co(II) or Zn(II) were the ones that presented the best results in the tests of antimicrobial activity carried out in this study. Thermal, spectroscopic and antimicrobial activity characterization of some norfloxacin…
